Purpose: The enlargement of optic nerve sheath diameter (ONSD) has been proven to be related with raised intracranial pressure (ICP). No prospective study has been focused on utilizing retrobulbar ultrasonography in optic disc oedema patient presented to ophthalmologist. Methods: High-resolution transbulbar ultrasonography was performed in a cohort of patient presented with bilateral optic disc oedema. The subarachnoid space of optic nerve (SAS), ONSD and optic nerve diameter (OND) was measured prior to other ancillaries including lumbar puncture. Subjects were classified into increased intracranial pressure (IIP) and normal intracranial pressure (NIP) group according to the open cerebrospinal fluid pressure more than 200 mm H 2 0. The SAS, ONSD and OND were compared between groups and with normal control. The sensitivity of SAS or ONSD change for predicating intracranial hypertension was assessed. Results: A total of 20 IIP, 25 NIP patients and 25 normal controls were evaluated. The mean SAS and ONSD measured in idiopathic intracranial hypertension group was significantly increased than that of NIP and controls (p < 0.001), whereas the OND showed no statistic difference between each group. The sensitivities using the SAS and ONSD for differentiating increased ICP in optic disc oedema patients were 0.99 and 0.97, respectively. Conclusions: The enlarged SAS and ONSD measured by high-resolution transbulbar sonography are very sensitive parameters to predicate increased ICP in bilateral optic disc oedema patients.
Introduction
Patients presenting with bilateral optic disc oedema sometimes are originated from the increased ICP, which is one of the most alarm sign caused by various neurological issues. Although the term 'papilloedema' usually refers to swelling of the optic disc resulting from increased ICP, whereas 'optic disc oedema' refers to inflammation, ischaemia or infiltrated aetiology without increased ICP, there is no difference in the appearance of the optic disc under ophthalmoscope in the two conditions (Miller & Newman 2005; Friedman et al. 2013; Zhang & Foroozan 2014) . Hayreh (2016) recently systematically elaborated the pathogenesis of optic disc change in raised ICP animal model and clinic study. Based on the combined information from his studies, the raised ICP caused a mechanical change at optic nerve head, including the immediate retro-laminar and retro-laminar region, which cannot be detected by ophthalmic stereoscopic examination.
Recent researches showed transbulbar ultrasonography measuring of the ONSD is a promising tool to predicate the raised ICP compared with the invasive lumbar puncture, no matter the pathogen is idiopathic or secondary, including in children (Komut et al. 2016; Lochner et al. 2016; Steinborn et al. 2016 ). The ONSD measured by sonography was also compared with that assessed on magnetic resonance imaging (MRI), which showed good reproducibility and accuracy (B€ auerle et al. 2013) . A meta-analysis also shows the ultrasonography of ONSD has a good level of diagnostic accuracy for detecting intracranial hypertension (Dubourg et al. 2011) .
Compared with conventional ophthalmic B-scan and transbulbar Doppler ultrasonography, high-frequency (20 MHz) high-resolution ophthalmic ultrasonography can discriminate retrobulbar portion of optic nerve and surrounding subarachnoid space (SAS) more clearly. This technique makes it possible to detect the enlargement of retrobulbar SAS, which might be the real cause of ONSD enlargement in increased ICP; furthermore, no previous study applies this technique for evaluating papilloedema or disc oedema patient.
We recruited a cohort of bilateral optic swollen patients for various causes, and 20-MHz high-resolution ophthalmic ultrasonography was performed prior to lumbar puncture. The SAS, as well as the ONSD, was evaluated and compared between IIP group, NIP group and controls. Sensitivity and specificity of these parameters as diagnostic value were calculated.
Materials and Methods

Subjects
It is a prospective study. Bilateral optic disc oedema patients were recruited from October 2015 to August 2016 in ophthalmology department in Eye Ear Nose and Throat hospital in Shanghai, China. All patients were consented for participation through a protocol that was approved by the hospital ethics committee.
Inclusion criteria: (i) bilateral optic disc oedema revealed by ophthalmoscopy examination, including secondary atrophy of the optic disc swollen; (ii) brain MRI was carried out; (iii) direct contact ocular transbulbar ultrasonography could be co-operated and fulfilled; (iv) lumber puncture could be co-operated and fulfilled for measuring the cerebrospinal fluid (CSF) open pressure within 3 days after the transbulbar ultrasonography was made. Patients who have contraindications for lumbar puncture, unco-operative for ultrasonography or refuse to sign the consent form were excluded.
After ultrasonography measurement, patients were scheduled brain and orbit CT/MRI for searching tumour or mass. If the radiologists reported mass effect, the patient was divided into the IIP group. If without mass, patients were referred to neurologists for evaluating and lumbar puncture was performed with indication. The lumbar puncture was performed in the lateral position, and CSF open pressure was measured with patient's leg fully extended. A cut-off value of 200 mm H 2 0 was considered as raised ICP according to the criteria of the normal lumbar puncture pressure within 80-180 mm H 2 O. The CSF cytology, biochemistry and pathology were also analysed for screening the aetiology. As summary, 56 bilateral optic disc oedema patients were recruited and 52 fulfilled ultrasonography. After neuro-imaging examination, five patients were found brain tumour and other 47 patients were referred to neurologist for evaluating. Of the 47, only 40 fulfilled lumbar puncture with the ICP pressure measured. A group of control was recruited from subjects who underwent routine ophthalmologic examination and without optic nerve neuropathy. The diagram of the study is shown in Fig. 1 .
High-resolution transbulbar ultrasonography
All patients underwent 20-MHz highresolution transbulbar ultrasonography (Aviso, Quantel medical, France) by an ophthalmic ultrasound specialist with more than 10 years experience who was blind to the patient's medical data. Subjects were examined in supine position. Topical anaesthesia was performed on the surface of eyeball. They were asked to gaze at the ceiling straightly and suppress any eye movements. Probe was placed on the temporal limbus of cornea gently. Vertical axial planes cross the papilla and optic nerve along its longitudinal course were made for each eye. To make sure the reliability of measurements, the optic nerve should be placed in the midline of the image. SAS, ONSD and OND were measured 3 mm behind the lamina cribosa according to former studies (Steinborn et al. 2016) . To minimize the bias, each parameter was measured three times and the mean values were calculated (Fig 2a) .
Statistics
Demographic variants were described and compared by ANOVA test or chisquare test. SAS, ONSD and OND values were analysed by two-way ANOVA between groups. Considering the intro-subject correlations, the match factor between eyes was considered. Receiver operating characteristic (ROC) curves were constructed to assess the diagnostic value of SAS and ONSD in detecting intracranial hypertension. A p value of <0.05 was considered statistically significant. Bivariate correlation was analysed, respectively, between SAS, ONSD, OND and ICP. Spearman correlation coefficients were calculated. All analyses were conducted using IBM SPSS statistics for windows, Version 19.0 (IBM Corp, Armonk, New York, USA).
Results
Demographics
A total of 45 patients with bilateral optic disc oedema who underwent both transbulbar ultrasonography and lumbar puncture were evaluated, together with 25 controls. The composition of diagnosis in two groups was shown in Table 1 . The IIP group consisted of 20 patients (nine women, 11 men) with a mean age of 34.7 years (range 5-62 years, SD 12.9 years). The NIP group consisted of 25 patients (11 women, 14 men), with a mean age of 46.5 years (range 13-74 years, SD 13.7 years). The control group consisted of 25 subjects (17 women, eight men), with a mean age of 47.1 years (range 22-68 years, SD 12.3 years). The p value for gender ratio and mean age in three groups was 0.171 and 0.003.
Transbulbar ultrasonography
In control and NIP patients, the SAS displayed as narrow acoustic space around the optic nerve (Fig 2a) . While in IIP group patients, the SAS s displayed enlargement with dilated blunt head behind the eyeball (Fig 2b) . Meshwork-like arachnoid trabeculae structure could be seen in the SAS which had been already revealed by electron microscopic of former studies (Steinborn et al. 2016) . The enlarged SAS in several IIP patients became narrow when the pressure reduced after treatment (Fig 2c) . High-resolution ultrasonography could also find diagnostic clues for some NIP patients, such as choroid swelling with exudative retinal detachment in Vogt-KoyanagiHarada disease (VKH), and scleral thickening with 'T' sign in posterior scleritis, and calcification in optic disc drusen (Fig 3) .
The mean SAS measured in IIP, NIP and control group were 1.21 AE 0.17, 0.75 AE 0.10 and 0.73 AE 0.08, respectively. The mean ONSD measured in IIP, NIP and control group were 6.34 AE 0.52, 5.30 AE 0.43 and 5.33 AE 0.30, respectively. The mean OND measured in IIP, NIP and control group were 2.72 AE 0.21, 2.60 AE 0.17 and 2.76 AE 0.18, respectively. The SAS and ONSD values significantly enlarged in IIP group than that of the NIP group and control (p < 0.001). The OND value measured in three groups showed no statistic difference (p = 0.306). The mean value measured between right and left eyes was shown no difference using the match-factor method for calculation of statistic (Fig 3) . Bivariate correlation analysis showed Spearman correlation coefficients for SAS, ONSD and OND were 0.800, 0.781 and 0.274, which mean SAS and ONSD have intimate correlativity with ICP. 
ROC curves
Receiver operating characteristic (ROC) curves were constructed using various cut-off points of SAS and ONSD values and predicate parameters to differentiate between the increased ICP subjects (IIP group) and normal ICP subjects (NIP group and control). The area under the ROC curve for ONSD was 0.970, while for SAS was 0.992. Using an SAS value of 1.000 mm and ONSD value of 5.755 mm as the threshold value for differentiating increased ICP in bilateral optic disc oedema patient had a sensitivity of 95% for SAS and 92.5% for ONSD, a specificity of 100% for SAS and 88.0% for ONSD (Figs 4 and 5).
Discussion
The major finding of our study is the enlargement SAS detected by high-resolution ophthalmic ultrasonography, as well as the ONSD is a very sensitive and specific predicator for detecting increased ICP in bilateral optic disc oedema patients. To our knowledge, there is only one recent research mentioned the structure change of SAS in raised ICP patients, but without sonographic measurements (Steinborn et al. 2016) . Superior to conventional ophthalmic B-scan and linear Doppler sonography, the 20-MHz high-resolution ultrasonography we utilized in the study can display outer and inner border of the retrobulbar portion of SAS surrounding optic nerve. The cut-off value of SAS 1.000 mm or ONSD 5.755 mm can be as a predicator for differentiating raised ICP patients from optic disc oedema patients of other causes; in addition, the SAS value is more sensitivity and accuracy than ONSD value.
Our results also showed the CSF pressure measured by lumbar puncture was correlated with the SAS or ONSD value. Geeraerts et al. (2008) reported there was a strong correlation (r = 0.74) between changes in ONSD measurement and ICP variations. Recent study in idiopathic intracranial hypertension (IIH) patient also showed correlation between ONSD and CSF open pressure (Dubourg et al. 2013; del Saz-Saucedo et al. 2016) . Although our result also showed a good correlation (r = 0.800) between SAS and ICP, the small sample and the fluctuation of CSF circadian rhythm make it difficult to estimate the ICP directly by the SAS value (Gonz alez-Camarena et al. 2016) .
We also evaluated several secondary optic disc atrophy patients, who originated from chronic raised ICP, the results show both the SAS and ONSD enlarged, even though the optic disc no longer swollen. In late stage raised ICP patients, the ophthalmologic examinations usually show no specific change, but if the enlarged SAS or ONSD, together with some manifestation in brain MRI, such as the pituitary herniation, will provide clue to diagnosis of increased ICP.
Using the 20-MHz high-resolution ultrasonography, we can also detect the swelling of choroid in Vogt-KoyanagiHarada or thickening of sclera with 'T' sign in posterior scleritis (Jap & Chee 2017; Tagawa et al. 2016) . Optic disc drusen could also be detected in patient with anterior ischaemic optic neuropathy or pseudo papilloedema. Therefore, the non-invasive and quick sonography tool not only may help the ophthalmologists decide whether to refer the patients to neurological consultation or continuing for ocular ancillary work up, but also can provide important information for diagnostic process.
We also followed up several IIH patients after treatment. The SAS and ONSD became decreased after 3 months, meanwhile with the optic disc swollen resolved. The SAS and ONSD value might be as a noninvasive and convenient parameter for longitudinal visual follow-up in patients with increased ICP after treatment. The subjects we recruited were not composed acute increased ICP patients or early stage without change of the optic disc. Therefore, the diagnostic value of this technique for acute or early stage raised ICP are limited. There are also limitations for highresolution ultrasonography. It requires the subject for co-operation to fix the direction and the probe must contact the cornea, which make it difficult to carry out in child under 10 years old. In addition, the low penetration feature makes it hard to demonstrate the retrobulbar optic nerve portion in high myopia patients.
In conclusion, high-resolution retrobulbar ultrasonography measurement of SAS and ONSD are very sensitive and specific parameter for differentiate increased ICP from patients presented with bilateral optic disc oedema. Furthermore, the SAS has higher accuracy than ONSD. Fig. 4 . The echographic measurement of SAS, ONSD and OND in IIP group, NIP group and controls, respectively. SAS = subarachnoid space, ONSD = optic nerve sheath diameter, OND = optic nerve diameter, IIP = increased intracranial pressure, NIP = normal intracranial pressure. Fig. 5 . Receiver operating characteristic curves for SAS and ONSD given in related to ICP. The area under ROC curve for SAS and ONSD was 0.992 and 0.970, respectively. SAS = subarachnoid space, ONSD = optic nerve sheath diameter, OND = optic nerve diameter, ICP = intracranial pressure.
